Abstract: Community-supported agriculture (CSA) participation has been associated with high fruit and vegetable (FV) consumption, which may be due to better access to FV for CSA purchasers, or to positive knowledge, attitudes, and beliefs (KAB) regarding healthy eating among CSA applicants. The objective of this study was to examine KAB and consumption, in association with application to a cost-offset CSA (CO-CSA) program, and with CO-CSA purchase among applicants. We conducted a cross-sectional survey of CO-CSA applicants and a comparison sample in August 2017. All respondents were English-reading adults with a child 2-12 years old and household income of ≤185% of the federal poverty level. Among CO-CSA applicants, some were CO-CSA purchasers (n = 46) and some were not (n = 18). An online comparison sample met equivalent eligibility criteria, but had not participated in CSA for three years (n = 105). We compared CO-CSA applicants to the comparison sample, and compared purchasers and non-purchaser sub-groups, using Mann-Whitney U tests and chi-square analysis. CO-CSA applicants reported better knowledge, self-efficacy, home habits, and diet than the comparison sample. Among applicants, CO-CSA purchasers and non-purchasers had equivalent KAB, but children in purchaser households had higher FV consumption than in non-purchaser households (4.14 vs. 1.83 cups, p = 0.001). Future research should explore associations between CO-CSA participation and diet using experimental methods.
Introduction
Fruits and vegetables (FV) provide high concentrations of dietary fiber, vitamins, minerals, and antioxidants, have low energy density [1] , and are recommended as an important component of a healthy diet [2] . FV consumption is associated with reduced risk of cardiovascular disease, cancer, and mortality among adults [3] [4] [5] [6] . Although the link between FV intake and health outcomes during
Participants/Setting
The CO-CSA applicant sample included English-reading adults, with household incomes of ≤185% of the US federal poverty level, who had applied to a CO-CSA program in the state of Vermont, and who reported at least one child 2-12 years of age in the household. Some of the CO-CSA applicant sample had been recruited in August 2015 or August 2016 as part of a longitudinal survey, the details of which are reported elsewhere [42] . In August 2017, all longitudinal survey respondents were invited to participate again (n = 80), and new applicants to the CO-CSA who met eligibility criteria were also invited to participate (n = 60). The CO-CSA applicant sample (n = 64) pooled 33 longitudinal survey respondents (41% response rate) and 31 new respondents (52% response rate). Respondents were compensated $25. Applicants were offered cost-offsets on a first-come, first-served basis until program funds were exhausted, resulting in two applicant sub-groups: CO-CSA purchasers, who received a cost-offset and were confirmed to have purchased a summer 2017 CSA share (n = 46) and non-purchasers, who were not offered a cost-offset and were confirmed to have not purchased any summer 2017 CSA shares (n = 18).
Also in August 2017, a comparison sample was recruited from the Qualtrics panel system (Qualtrics, Provo, UT), which consists of a large number of community-based individuals who provide online data for which they earn points toward compensation. Potential comparison sample participants received an email from Qualtrics inviting them to respond to a screening questionnaire in order to assess eligibility. The comparison sample was selected by screening participants for comparable attributes such as gender (female), household income (≤185% of the US federal poverty level), household composition (household that includes a child 2-12 years of age), and regional geography (New England region), and participants also could not have participated in any CSA in the past three years (n = 105). Given the small population of Vermont, comparison sample members were recruited from all states in New England-Connecticut (12.4%), Maine (18.1%), Massachusetts (34.3%), New Hampshire (19.0%), Rhode Island (9.5%) and Vermont (6.7%).
We had sufficient power to detect (β = 0.8, α = 0.05) a small difference in FV consumption (one-third cup) between CO-CSA applicant and comparison samples, and a large difference (1.8 cups) between CO-CSA applicant sub-groups of purchasers and non-purchasers.
Measures
Personal factors included KAB regarding nutrition and cooking. Caregiver's knowledge of FV recommendations was assessed by two original questions that asked about knowledge of FV recommendations in cups and again based on plate coverage. Responses were dichotomized into 'correct' (5+ cups FV/day, or ≥ 1 2 dinner plate FV = 1) or not (0) [2] . Measures of caregiver attitudes and self-efficacy were developed by Condrasky and colleagues (2011) using factor analysis with a sample of 245 US parents and cooks, and all three scales reported high reliability [43] . The Negative Cooking Attitudes scale was the mean response to four negative statements about cooking (Cronbach's α = 0.92 in the current study). Responses ranged from strongly disagree (1) to strongly agree (5). Higher scores indicated greater negativity toward cooking. Belief in one's own capabilities was measured as two types of self-efficacy. The Cooking Techniques and Meal Preparation Self-Efficacy scale (Cronbach's α = 0.92 in the current study) assessed confidence in 14 food preparation skills (e.g., knife skills, roasting). The Self-Efficacy for Eating/Cooking FV scale (Cronbach's α = 0.83 in the current study) queried four items relating to fruits and vegetables (e.g., eating FV with every meal, as a snack) [43] . Both scales used the mean of all components, and ranged from 'not at all confident' (1) to 'extremely confident' (5) .
General nutrition beliefs were assessed using the General Nutrition Knowledge Belief Score, which includes 11 healthy eating statements (e.g., eat plenty of FV, use sugar in moderation) selected by Beydoun and colleagues using principal components analysis in a representative US sample of 4,356 adults [44] . The scale was the mean of responses that ranged from 'not at all important' (1) to 'very important' (4) (Cronbach's α = 0.75 in the current study). Home habits were reflected in availability and accessibility of FV in the home. FV availability was assessed by three subjective frequency items (e.g., FV available, vegetables served at meals, fruit served for dessert), and FV accessibility by four items (e.g., cut-up vegetables in the fridge, fresh fruit on the counter) [45] . Both scales use the mean of all components, and range from 'hardly ever' (1) to 'often' (4). Although used in prior studies, neither scale has been validated to date.
Dietary data were obtained for an adult and one randomly-selected child aged 2-12 years in each household. In households in which there was more than one child aged 2 to 12 years, one child was randomly selected by the computer for dietary reporting. Caregivers were instructed to report dietary intake for younger children, and to report with children seven and older in order to improve accuracy [46] . Daily FV consumption was assessed with the National Cancer Institute All-Day Fruit and Vegetable Screener (FVS). The FVS collected information on the frequency and usual portion size for nine fruit and vegetable components (100% juice, fruit, lettuce salad, fried potatoes, other white potatoes, cooked dried beans, other vegetables, tomato sauce, and vegetable soup) in the past month [47] . The FVS is considered a moderately reliable measurement tool for adults (test/re-test r = 0.65) [48] , and is moderately correlated with FV consumption from 24-hour recalls with men (r = 0.66) and women (r = 0.51) [47] . However, some evidence suggests the FVS may overestimate FV consumption, particularly among women [47, 49] , and it has not yet been validated in children. We formatted online questions about usual portion size to include corresponding photographs in an effort to reduce reporting bias [50] . The product of frequency and portion was converted into daily 2005 MyPyramid cup equivalents for each FVS component, and all products were summed into total FV consumption. One auxiliary FV consumption variable excluded potatoes and dried beans to better align with World Health Organization FV recommendations, which do not include dried beans and starchy tubers such as potatoes [51] , and one variable excluded fruit juice to better align with the government's Dietary Guidelines for Americans, which emphasize whole fruits over fruit juice [2] .
Consumption of sweets, salty snacks, and sugar-sweetened beverages (SSBs) were collected using 15 questions about consumption in the past week, which were themselves selected from the second version of the beverage and snack questionnaire (BSQ2) [52, 53] . The BSQ2 provided seven ordinal response categories from 'never or <once per week' to '4+ times per day,' all of which were subsequently converted into times per month. The BSQ2 asked about frequency of consumption 'at school' and 'not at school' for children, and did not qualify location for adults. Frequency of consumption of 'total sweets' summed responses for five types of sweets, 'total salty snacks' summed three salty items, and 'SSBs' summed seven beverages that contain added sugars. These BSQ2 measures were validated in a sample of 46 ethnically-diverse young adolescents (test/re-test r = 0.72 to 0.77; correlation with food diaries r = 0.63 to 0.71) [52, 53] .
Household characteristics included: (1) number of adults and number of children calculated from a household roster; (2) household food security classified by the six-item short form of the United States Department of Agriculture (USDA) Food Security Survey Module (FSSM), with a 30-day reference period [54] ; and (3) participation in the past month in the Supplemental Nutrition Assistance Program (SNAP) and, separately, the Special Supplemental Nutrition Program for Women, Infants, and Children (WIC). Respondent and child age and sex were obtained from the household roster. Fifteen nominal choice options (including 'other') recorded respondent race, but only the percentages of white and Hispanic are reported, due to low response in other categories. Education is reported in the five ordinal categories.
Analysis
All measures were summarized and compared for the CO-CSA applicant and comparison samples, and subsequently for applicant subgroups of purchasers and non-purchasers. All analyses were performed with SPSS version 23 software (IBM Corp., Armonk, NY). Sample characteristics were summarized with percentages and means, and compared across samples using chi-square analyses and t tests. Measures of attitudes, self-efficacy, and diet were tested for normality, and the majority had skewness statistics > 1.0. Therefore, these variables were summarized with medians and compared across samples using Mann-Whitney U tests. Small amounts of missing data (<10%) are noted in footnotes to the tables. Results were considered statistically significant when p < 0.05.
Results
The CO-CSA applicant and comparison samples had some similarities: most had two children, households received SNAP and WIC benefits at similar rates, and almost all respondents were white (92% ; Table 1 ). However, in contrast to the comparison sample, more CO-CSA applicant households were food secure (62.3 vs. 26.5% were food secure, p < 0.001). In addition, CO-CSA applicants were slightly less often female, were older, and had greater educational attainment than the comparison sample (67.2 vs. 22.9% had a college degree or more, p < 0.001). There were no significant differences in characteristics between purchaser and non-purchaser applicant sub-groups. 2 Comparison sample size varied from 91-105 due to missing data. 3 Differences between groups were tested using Fishers' exact tests due to small expected cell counts. 4 Difference between groups were tested using likelihood ratio tests due to small expected cell counts.
Relative to the comparison sample, CO-CSA applicants had greater knowledge of FV recommendations, higher self-efficacy for cooking and meal preparation, and healthier home habits (Table 2 ). In particular, applicants had high self-efficacy for cooking and meal preparation (median of 4.2 on a 5-point scale). However, the two samples had equivalent general nutrition beliefs and the CO-CSA applicants had greater negativity toward cooking relative to the comparison group. CO-CSA, cost-offset community supported agriculture; FV, fruits and vegetables; SSBs, sugar-sweetened beverages. Differences between groups were tested using Pearson's Chi-square analysis for dichotomous measures of knowledge (unless otherwise noted), and with Mann-Whitney U tests for all other measures. 1 CO-CSA applicant sample size varied from 53-64 due to missing data. 2 Comparison sample size varied from 102-105 due to missing data. 3 Differences between groups were tested using Fishers' exact tests due to small expected cell counts.
Adult dietary quality among CO-CSA applicants was better than in the comparison group. Applicants ate more FV (4.1 vs. 2.0 cups/day, p < 0.001), a difference that was maintained without potatoes and dried beans, or juice. Applicants also had lower frequency of consumption of sweets (15.1 vs. 21.5 times/month, p = 0.001), salty snacks (8.6 vs. 15.1 times/month, p < 0.001), and SSBs (4.3 vs. 35.5 times/month, p < 0.001) than the comparison sample. Children of CO-CSA applicants also had better dietary quality relative to the comparison sample, as they ate more FV when the measure excluded potatoes and dried beans (3.59 vs. 1.97, p = 0.041) or juice (3.3 vs. 1.6 cups/day, p < 0.001). Children of applicants also less frequently consumed sweets (15.1 vs. 22.6 times/month, p = 0.002), salty snacks (12.9 vs. 21.5 times/month, p < 0.001), and SSBs (0.0 vs. 30.1 times/month, p < 0.001).
Fewer differences were observed between CO-CSA applicant sub-groups. Purchasers had higher self-efficacy for eating and cooking FV than did non-purchasers (3.8 vs. 2.5, p = 0.035), yet had equivalent dietary quality. For children, however, those who lived in a purchaser household had higher FV consumption than children living in non-purchaser households (4.1 vs. 1.8 cups/day, p = 0.001), a difference that was maintained without potatoes and dried beans, or juice.
Discussion
Prior research has noted higher FV consumption among CSA participants [25, 31, 34, 42, [55] [56] [57] [58] [59] [60] , including two that examined CO-CSA participants from low-income households [34, 42] and one that studied their children [42] . We hypothesized that higher observed FV consumption could be due either to positive selection into CSA, or to a positive effect of the CSA on FV availability in the household and consumption by household members. We discuss our findings in relationship to each of these hypotheses below.
The hypothesis of positive selection into CSA among low-income households was supported by greater observed knowledge and self-efficacy related to healthy eating and food preparation among CO-CSA applicants than in the comparison sample. Self-efficacy for cooking and meal preparation was high (4.2 on a 5-point scale), and comparable to that observed in a sample of CSA participants at a federally qualified health center (4.5 on a 5-point scale) [61] and consistent with a pilot study in which most CO-CSA participants reported that they knew how to prepare the FV in their CSA share [37] . CO-CSA applicants, however, did not always hold more positive attitudes and beliefs than their comparison counterparts. In particular, CO-CSA applicants had poor cooking attitudes relative to the comparison adults. Since attitudes are developed partly through experiences [62] , more experience preparing fresh, whole produce like that provided in CO-CSA shares may help to explain these more negative attitudes. These negative cooking attitudes, however, must be viewed alongside their greater self-efficacy for meal preparation, the development of which did not appear impeded by their attitudes.
Applicants to CO-CSA and their children also had better indicators of dietary quality-greater consumption of FV and less frequent consumption of processed snacks and SSBs-and more often lived in food-secure households than comparison households. However, CO-CSA applicants were also older and had more education than the comparison sample. Prior research has reported CSA participation is limited to primarily middle-income and upper-income households [25, 29, 56, 58, [63] [64] [65] . These observed differences in educational attainment between applicants and non-applicants, all of whom reside within low-income households, suggests financial barriers to CSA purchase may not be the only socio-economic differences between applicants and non-applicants. Furthermore, age and education are known to be associated positively with KAB that support healthy eating [66] and with dietary quality [67] . In these cross-sectional data from a relatively small sample, it is not possible to explore the complex inter-relationships between age, education, KAB, dietary quality, and food security, nor to determine the direction of any causality. Research is needed to explore the dynamic pathways among these constructs and their impact on diet-related disease.
The second hypothesis-that CSA participation has a positive effect on FV availability and consumption-was supported by greater self-efficacy for eating and cooking FV among CO-CSA applicant-purchasers than among applicant non-purchasers. Further, children in applicant-purchaser households had higher FV consumption relative to children in non-purchaser households. Within the applicant sample, purchasers and non-purchasers were otherwise similar in KAB and diet. To our knowledge, no prior research has examined CO-CSA applicant-purchasers relative to non-purchaser applicants. Data were collected in August, amid the summer CSA season, when shares include many of the summer FV preferred by low-income caregivers and their children [33] , which may have contributed to the magnitude of the differences in children's FV consumption that we observed. Because resources to support the CO-CSA were limited and offsets were awarded on a first-come first-served basis, and because almost all KABs were equivalent for purchaser and non-purchaser sub-groups, selection bias into the purchaser sub-group is an unlikely explanation for differences observed between CO-CSA purchasers and non-purchasers. However, all results in support of this hypothesis emerged from tests with low power.
These analyses have several limitations. First, these cross-sectional data do not allow rigorous examination of any causal link between CO-CSA participation and dietary quality. Second, the inclusion of some CO-CSA applicants who participated in a longitudinal study regarding CO-CSA may have biased upwards estimates of KAB and self-efficacy with respect to FV consumption in the applicant sample. Third, although selection of adults into the comparison group used similar eligibility criteria, they were not comparable to CO-CSA applicants who were older, more educated, and more often lived in food-secure households. Fourth, the reliability of the FVS as a measure of total FV consumption is only moderate, but this potential measurement error is not expected to differ for the applicant and comparison samples. Fifth, CO-CSA purchasers may have experienced more social desirability bias in reporting diet than the comparison sample and the non-purchaser sub-group, which may have exaggerated observed differences in dietary quality. Finally, sample sizes were too small to permit exploration of observed associations in a multivariate context that controlled for key sample differences such as age, educational attainment, or self-efficacy for eating and cooking FV.
Conclusions
Evidence from this study supports both the hypothesis of the positive selection into CO-CSA and the hypothesis of the positive effect of CO-CSA on FV consumption. CO-CSA applicants were older, more educated adults with more positive KAB and healthier diet habits for themselves and their children. This suggests that broader recruitment into CO-CSA programs may need to include targeted efforts to effectively engage with households that apply having less educational attainment, lower knowledge and self-efficacy, and fewer healthy home habits. Among these applicants, however, CO-CSA purchasers had higher self-efficacy, and their children had higher FV consumption relative to applicants who were not purchasers. It is not clear why CO-CSA purchase was associated with better FV consumption among children and not adults. Future research should explore associations between CO-CSA participation and FV consumption using an experimental design with longitudinal data, and a larger sample that will allow for multivariate statistical techniques to consider the mediating pathways between KAB, CO-CSA, FV access, and dietary quality. CO-CSA programs have the potential to enhance FV access and consumption among low-income families, although they currently attract more adults with enhanced KAB and self-efficacy with respect to healthy eating.
